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coverslips with areas of 1×1 cm2 from the microscope 
slides. These coverslips can be handled by the tweezers and 
applied to the surface of investigated sample. 
The microspheres remained embedded in the coverslip 
after it has been separated from the surface of the wafer. 
Inside such coverslips, most of the spheres were separated 
from the lower interface by a nanometer-scale distances 
(<100 nm). A small fraction of microspheres were 
protruding through the PDMS. The bump mapping at the 
bottom surface by atomic force microscopy (AFM), see 
Fig. 1(i), shows a strong correlation of the bump positions 
with the locations of embedded spheres illustrated by a 
microscope image in Fig. 1(h). The lower interface of the 
coverslip was found to have a relatively smooth surface 
with the bumps’ heights limited at ~200 nm. 
 
2.4.  Use of Coverslips without Lubrication 
 
For super-resolution imaging applications of coverslips 
with embedded microspheres, we need a combination of 
two somewhat contradicting material properties. The first 
property is to have a sufficiently strong adherence to the 
investigated surface which would allow for many 
embedded microspheres to come sufficiently close to the 
surface. The second property is an ability to eventually 
detach the coverslips from the sample with a minimal 
damage to the both contacting surfaces. 
Due to the weak bond (physical adsorption) between the 
PDMS coverslips and underlying surface of glass or 
semiconductor substrates [33], such films can be reversibly 
attached to the investigated surfaces. Immediately after 
such attachment, an interference pattern can be observed 
indicating the several micron gaps between the coverslip 
and surface. Without any additional pressure, the 
interference fringes gradually vanish on a time scale of 
several seconds, indicating that the gaps reduced to 
subwavelength dimensions. We were not able to monitor 
further reduction of the gaps, but based on our observation 
of the initial dynamics of this process, we believe that 
several minutes should be sufficiently long time to assume 
that the lower interface of the coverslip is located in a 
nanoscale vicinity of the investigated surface. It should be 
noted that in principle, the adherence to the substrate can be 
reduced by silanization [32] or increased by oxidization 
followed by the use of pressure [34]. We found that the 
PDMS coverslips fabricated without any additional surface 
treatment are easily separable from the investigated 
samples. They can be completely peeled off from the 
sample resulting in free-standing PDMS films which can be 
multiply used for super-resolution imaging on different 
samples. 
 
 
3.  Definition of the Optical Super-Resolution 
 
It has been well established that the microsphere-assisted 
imaging can make visible fine features of the objects which 
cannot be resolved by the best diffraction-limited 
microscope objectives with NA approaching unity [1-9]. 
Defining, however, the numerical value of the optical 
super-resolution has been a somewhat controversial issue in 
these studies. The fundamental reason for this difficulty is 
based on the fact that the textbook resolution criteria are 
formulated for idealized point objects [35, 36]. For 
diffraction-limited systems operating in visible or near-
visible regimes many structures would qualify as almost 
perfect point objects including nanoscale apertures, 
nanoplasmonic clusters, individual quantum dots or dye 
molecules [37, 38]. For systems possessing optical super-
resolution, however, the realization of point objects is more 
challenging task. This is especially true for imaging 
systems operating in reflection or transmission modes since 
the objects with nanoscale dimensions produce low 
intensity images. 
To circumvent this problem, researchers often select a 
different path based on using larger-scale arrays containing 
features with recognizable shape such as periodic Blu-ray® 
disks [1 – 9], nano-pores in fishnet metallo-dielectric films 
[1, 5], star shapes [1], nanoplasmonic dimers [4] or more 
complicated clusters [9]. In such cases, the resolution 
claims are often based on observability of “minimal 
discernible feature sizes”. Different features such as widths 
of the stripes, diameters of nanopores, edge-to-edge 
separations in dimers and clusters have been studied by 
microsphere-assisted technique that resulted in a broad 
range of resolution claims from /6 to /17 [1, 4-7, 9]. 
Although these results have been extremely important 
for the advancement of the area of super-resolution imaging 
by microspheres, we would like to stress that an extreme 
caution should be exercised with using the criteria of 
observability of “minimal discernible feature sizes”. Below, 
we illustrate that it can result in greatly overestimated 
resolution compared to that obtained by a standard 
procedure of convolution with PSF. 
As an object, we consider arrays of dimers and bowties 
illustrated by SEM images in Figs. 1(a) and 1(b), 
respectively. Individual dimers and bowties used for 
imaging are illustrated in Figs. 2(a) and 2(e), respectively. 
Conventional or confocal microscopy without microspheres 
performed with the 100(NA=0.95) objective lens at =405 
nm does not allow resolving the internal structure of 
individual dimers or bowties illustrated by SEM images in 
Figs. 2(a) and 2(e), respectively. In contrast, the 
microsphere-assisted imaging demonstrates significantly 
improved resolution. The virtual image of a dimer in Fig. 
2(a) obtained through the 5 µm BTG sphere embedded in 
the PDMS coverslip is shown in Fig. 2(b). The virtual 
image of a bowtie in Fig. 2(e) obtained through the 
embedded 53 µm BTG sphere is shown in Fig. 2(f). 
Irradiance profiles along the x-axis of dimers and 
bowties are illustrated using red as background color in 
yy
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